Endoscopy is an essential tool for definitively diagnosing the etiology of acute gastrointestinal bleeding [1, 2] . Previous studies have shown that, although the definitive bleeding source is detected by esophagogastroduodenoscopy (EGD) in 77 % of patients with upper gastrointestinal bleeding (UGIB) [3] , only 33 % to 47 % of patients with lower gastrointestinal bleeding (LGIB) receive a definitive diagnosis by colonoscopy (CS) despite full
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bowel preparation [4, 5] . In particular, among patients with colonic diverticular bleeding, a major cause of LGIB [6] , both Western and Eastern studies have shown that less than one-third of patients receive a definitive diagnosis [7 -12] . To date, little data are available on the next diagnostic approach for patients with acute hematochezia without an identified source on CS, and no clear guideline with regard to the optimal strategy has been established [2, 13] . With this background, we considered whether additional endoscopy should be performed in such cases and, if so, whether EGD or capsule endoscopy (CE) should be chosen because UGIB or middle gastrointestinal bleeding (MGIB) may also cause massive hematochezia [5, 14] . Additional endoscopy after CS might identify the etiology of the gastrointestinal bleeding or decrease the incidence of rebleeding.
Therefore, to determine the utility of the next endoscopic approach for patients with hematochezia whose bleeding source was not definitively identified by CS, we evaluated the rates of positive endoscopic findings, requirement for additional therapeutic procedures, and 30-day rebleeding among three groups: patients who underwent CS alone (CS group), EGD following CS (CS-EGD group), and CE following CS (CS-CE group). We also analyzed these outcomes in subgroups of patients with or without a colonic diverticulum.
Patients and methods

Study design, setting, and patients
The study design was approved by the ethics committee of The University of Tokyo (Approval No. 11528) and the institutional review board at the National Center for Global Health and Medicine (Approval No. 2163). This study was a retrospective observational study, carried out by the opt-out method of our hospital web site. We retrospectively identified patients who were admitted to the University of Tokyo Hospital or the National Center for Global Health and Medicine for acute-onset hematochezia from January 2009 to August 2016. We collected data from the patients' medical records in the endoscopic database and admission databases [15, 16] . The endoscopic database is a searchable collection of records into which data are prospectively input after the use of endoscopic procedures by endoscopists. We searched the endoscopic database using the keywords "bleed," "blood," or "hematochezia" as indications for CS and selected patients who were assessed by CS (▶ Fig. 1 ). We subsequently reviewed the endoscopic and clinical findings of all of these patients at the onset of bleeding using the electronic medical record system. The search identified consecutive patients with acute-onset hematochezia assessed by CS during their hospital stay. We then excluded patients in whom (i) CS was performed after 48 hours of bleeding, (ii) EGD was performed before CS, and (iii) CS revealed the definitive source of bleeding. We excluded patients assessed by elective CS because elective CS reportedly has a low detection rate of the definitive bleeding source [4] . In addition, by excluding patients who underwent EGD before CS, we selected patients whose clinical presentation before any endoscopic procedure was highly suggestive of LGIB. A definitive source detected by CS included lesions with active bleeding, a visible vessel or an adherent clot, and lesions such as friable tumors, colitis, and discrete ulcers [8] . This left patients in whom the definitive bleeding source was not identified by early CS as the first endoscopic procedure. Next, we excluded patients who underwent an addi- (n = 18) 1) Search of endoscopic database using keywords "bleed," "blood," or "hematochezia" among indications for CS 2) Using the electronic medical record system, patients who underwent CS during admission were identified, and the endoscopic and clinical findings of those patients were reviewed.
▶ Fig. 1 Flow chart for patient selection. CS, colonoscopy; EGD, esophagogastroduodenoscopy.
tional endoscopic procedure (EGD or CE) after 3 days of bleeding. Finally, we classified eligible patients into the following three groups: those who underwent CS alone as the only endoscopic procedure (CS alone group), those who underwent early EGD as the next endoscopic procedure after CS (CS-EGD group), and those who underwent early CE as the next endoscopic procedure after CS (CS-CE group).
Next endoscopic procedure after CS
Early CE performed within 3 days of admission reportedly has a higher diagnostic yield than CE performed 4 days or later after admission [17] . Therefore, the next endoscopic procedure after CS was defined as EGD or CE performed within 3 days of bleeding. Each next endoscopic procedure was performed in the same way between the two institutions. We used high-resolution electronic video endoscopes (GIF-H260, GIF-Q260 J, or GIF-H260Z; Olympus Optical, Tokyo, Japan) or the Pillcam SB, SB2, or SB3 CE device (Given Imaging, Yoqneam, Israel). Before CE, patients were required to fast for 12 hours and take 40 mg of simethicone orally to prevent gas bubble formation [18] . When the capsule reached the colon or at 8 hours after ingestion (by which time the battery would presumably have run out), the recording device and sensor array were removed. Experienced gastroenterologists with more than 5 years of CE experience (S.T. and Y.A.), who had the patients' clinical background information, reviewed the CE images. All management decisions were made at the discretion of the attending physician.
Outcome criteria
The outcomes of interest were extracolonic positive findings on the next endoscopic procedure after CS, need for additional therapeutic procedures, and 30-day rebleeding rate. Positive endoscopic findings included a bleeding source (angioectasia requiring intervention, tumor, ulcer, varix, and Meckel's diverticulum) and blood without a lesion [3, 19] . When blood without a lesion was detected on the next endoscopic procedure, additional examinations such as double-balloon endoscopy (DBE) or Meckel's diverticulum scintigraphy were performed to identify a definitive bleeding source.
Therapeutic procedures included endoscopy, interventional radiology, or surgery. Endoscopic intervention was the first-line treatment when stigmata of recent hemorrhage were detected on EGD or DBE. Interventional radiology or surgery was performed in patients with a tumor, Meckel's diverticulum, or massive bleeding that did not resolve with endoscopic treatment.
Thirty-day rebleeding was defined as overt bleeding within 30 days after hemostasis accompanied by blood transfusion and/or a further ≥ 20 % decrease in the hematocrit [14] .
Statistical analysis
To simplify the clinical application, all continuous data were categorized using either statistical break points or standard clinical cutoff points. The characteristics and outcomes of the CS alone group, CS-EGD group, and CS-CE group were compared using a univariate analysis with Pearson's chi-squared test or Fisher's exact test as appropriate. We evaluated comorbidities with reference to the Charlson comorbidity index [20] . Predictive factors for positive endoscopic findings were evaluated by univariate analysis using Pearson's chi-squared test or Fisher's exact test as appropriate. Individual odds ratios and 95 % confidence intervals were computed for each variable using logistic regression analysis or exact logistic regression analysis as appropriate.
A P value of < 0.05 was considered statistically significant. All data were statistically analyzed using STATA version 13 software (StataCorp, College Station, TX, United States).
Results
Patient characteristics
In total, 401 patients with acute-onset hematochezia whose definitive bleeding source was not identified by early CS as the first endoscopic procedure were evaluated in this study. Among these patients, 274 (68.3 %) were male, and the mean age of the study group was 69.8 years. The CS alone group comprised 333 patients, the CS-EGD group comprised 50 patients, and the CS-CE group comprised 18 patients (▶ Fig. 1 ).
The patient characteristics in each group are shown in ▶ Table 1. Compared with the CS alone group, both the CS-EGD and CS-CE groups had significantly higher rates of low blood pressure, low hemoglobin level, low albumin level, and the need for transfusion during the first 24 hours, the presence of blood in the colon and terminal ileum on CS, significantly lower rates of a body mass index of ≥ 25 kg/m 2 , and the presence of a colonic diverticulum. The CS-EGD group had a significantly higher rate of non-aspirin antiplatelet drug use than the CS-CE group. However, these two groups were similar with respect to age, sex, presenting symptoms, initial vital signs, laboratory data, comorbidities, blood transfusion during the first 24 hours, presence of a colonic diverticulum, presence of blood in the colon or terminal ileum on CS, and most medication-related variables.
Positive endoscopic findings and need for additional therapeutic procedures
CS-EGD group
The rate of positive endoscopic findings in the CS-EGD group was 22 % (▶ Fig. 2a ), including peptic ulcers (8 %), cancer (4 %), and angioectasia (2 %) in the stomach and peptic ulcers (6 %) and cancer (2 %) in the duodenum (▶ Table 2 ). The rate of therapeutic procedures was 16 %, including endoscopic intervention (14 %) and interventional radiology (2 %). No patients underwent surgical intervention.
CS-CE group
The rate of positive endoscopic findings in the CS-CE group was 50 % (▶ Fig. 2a ), including ulcers (16 %), angioectasia (6 %), and blood without a definitive bleeding source (28 %) in the small bowel (▶ Table 2 ). Additional CE also detected blood in the colon without a bleeding source (28 %) and found no bleeding source in the stomach or duodenum. The rate of therapeutic procedures was 28 %, including endoscopic (11 %) and surgical ▶ 3 Low-dose aspirin included enteric-coated aspirin and buffered aspirin. 4 Antiplatelet drugs (non-aspirin) included clopidogrel, ticlopidine, dipyridamole, cilostazol, sarpogrelate hydrochloride, ethyl icosapentate, dilazep hydrochloride, limaprost alfadex, and beraprost. 5 Anticoagulants included warfarin, dabigatran etexilate, rivaroxaban, apixaban, and edoxaban. 6 Blood in the terminal ileum on CS was reviewed in 323 patients. 7 Analyzed using Fisher's exact test. 
CS-EGD group vs. CS-CE group
The rate of positive endoscopic findings was significantly lower in the CS-EGD group (22 %) than in the CS-CE group (50 %) (P = 0.025), and the rate of therapeutic procedures was not different (16 % vs. 28 %, P = 0.306) (▶ Fig. 2a) .
Subgroup analysis of patients with or without colonic diverticulum
Patients without a colonic diverticulum had a significantly higher rate of positive endoscopic findings than those with a colonic diverticulum in both the CS-EGD and CS-CE groups (▶ Fig. 2b ).
Patients without a colonic diverticulum had a higher rate of therapeutic procedures than those with a colonic diverticulum in both the CS-EGD and CS-CE groups, but this difference was not statistically significant in the CS-CE group (▶ Fig. 2b ).
30-Day rebleeding rate
The 30-day rebleeding rate did not decrease significantly in the CS-EGD group (8 %) or CS-CE group (11 %) compared with the CS alone group (12 %) (▶ Fig. 2a) . In the subgroup analysis, the 30-day rebleeding rate was not significantly different between patients with a colonic diverticulum and those without among all three groups (▶ Fig. 2b ).
Predictors of positive endoscopic findings
Significant predictive factors for positive EGD findings in the CS-EGD group were a history of syncope, systolic blood pressure of ≤ 100 mmHg, blood urea nitrogen/creatinine (BUN/Cr) ratio of ≥ 30, albumin of < 3.0 g/dL, no colonic diverticulum, and the presence of blood in the colon or the terminal ileum on CS (▶ Table 3 ). The only significant predictive factor for positive CE findings in the CS-CE group was the absence of a colonic diverticulum (▶ Table 3 ).
Discussion
The first question in the present study was whether we should perform an additional endoscopic procedure after obtaining negative CS results. Bleeding sources identified by EGD included cancers, and more than one-quarter of patients in the CS-CE group required hemostatic interventions. Therefore, we considered that the additional endoscopic procedures were meaningful to some degree. Next, we considered for whom the additional endoscopic procedures should be performed. Based on our results, the absence of a colonic diverticulum on the initial CS was the indication for an additional endoscopic procedure because the rate of positive endoscopic findings was significantly higher in patients without than with a colonic diverticulum (▶ Supplementary Fig. 1 ). Although we were often concerned about how to manage presumptive diverticular bleeding in clinical practice in the past, we now consider that observation without further endoscopy is acceptable in such patients because only 4 % in the CS-EGD group and 11 % in the CS-CE group required interventions. The second question addressed in the present study was which endoscopic procedure would be preferred after negative CS results: EGD or CE? To date, investigation of small-bowel bleeding has been considered after EGD and CS [21] . In the present study, however, CE showed a higher rate of positive findings and the need for therapeutic procedures than did EGD, regardless of the fact that the patients' background factors were similar between the CS-EGD and CS-CE groups. Thus, we suggest a new strategy involving the use of CE before EGD (▶ Supplementary Fig. 1) . A previous study revealed that, compared with other types of gastrointestinal bleeding (UGIB or LGIB), MGIB required a higher number of diagnostic procedures, more blood transfusions, and a longer hospital stay [22] . Based on our results, CE instead of EGD could lead to an early diagnosis and reduce these outcomes. Conversely, the predictors of positive EGD findings in our study were a history of syncope, systolic blood pressure of ≤ 100 mmHg, BUN/Cr ratio of ≥ 30, and albumin of < 3.0 g/dL that were similar to NO-BLADS score [14] as the predictive score for severe bleeding and therapeutic procedures needed in the acute LGIB setting. These findings indicate that EGD may precede CE for patients with severe hematochezia (▶ Supplementary Fig. 1 ). When we applied this score to our CS-EGD group, the proportion of patients with a high score (≥ 4) was higher in patients with positive EGD findings than in those with negative EGD findings (100 % vs. 35 %, respectively; P < 0.001) (data not shown). Thus, ▶ Table 2 Positive findings of next endoscopic procedure after CS. Abbreviations: CS, colonoscopy; EGD, esophagogastroduodenoscopy; CE, capsule endoscopy. 1 After capsule endoscopy, double-balloon endoscopy (n = 4) or Meckel's diverticulum scintigraphy (n = 1) were performed; the bleeding source diagnoses were angioectasia in the small bowel (n = 1), Meckel's diverticulum (n = 1), and unknown (n = 3).
▶ Table 3 Predictors of positive EGD findings in CS-EGD group (n = 50), and predictors of positive CE findings in CS-CE group (n = 18). stratification of patients according to the NOBLADS score in the emergency room might be applicable to determining the indication for EGD as well as for triage to intensive care. Because of the retrospective study design, decisions to perform additional endoscopic procedures were made at the discretion of the attending physician; this introduced selection bias into each group. For example, the decision of whether to perform additional endoscopy was influenced by colonoscopic findings. However, the rates of colonoscopic findings were not significantly different between CS-EGD and CS-CE groups, so may not have influenced the choice of EGD or CE as the additional endoscopy. Additionally, the small number of patients in the CS-CE group might result in an underpowered statistical analysis of positive CE finding predictors. Because the number of clinical outcomes (positive endoscopic findings) was less than 11 in our study, allowing us to include at most one predictive variable in multivariate analysis, a stratification model for selecting additional endoscopy could not be developed. Further prospective studies in multiple centers are needed to investigate this issue.
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